-Postoperative aspiration pneumonia is a rare complication, however, remains a severe disease with a significant mortality of 27% in this series.
Introduction
Aspiration pneumonia is a precarious and well-known complication of hospitalized patients, with a high mortality rate of around 30% [1] , or historically of up to 90% [2] . Moreover, it may cause readmission to the intensive care unit as well as prolonged hospital length of stay, with significant increases in the costs of hospital care [3] .
Surgical patients requiring general anesthesia and abdominal surgery with potential consequent bowel paralysis have an increased risk of pulmonary aspiration and aspiration pneumonia. Furthermore, patients with altered levels of consciousness, neurological disorders, history of pulmonary disease, older age and gastroesophageal reflux disease are at risk of aspiration pneumonia [4, 5] . The 30° elevation of the upper body has been shown to reduce the risk of aspiration pneumonia in the intensive care unit (ICU) [6] . Routine nasogastric decompression tubes [7] or percutaneous feeding tubes instead of nasogastric feeding tubes have not been shown to reduce the risk of pulmonary aspiration [8] .
While guidelines and recommendations to identify patients at risk of aspiration pneumonia have been studied and published, risk factors for lethal outcome after diagnosed aspiration pneumonia have not been studied so far. However, identification of risk factors for fatal outcome may help to improve the management of this severe complication.
In this retrospective study, we opted to identify independent risk factors for mortality in patients suffering postoperative aspiration pneumonia. Therefore, pre-, intra-and postoperative parameters were analyzed of patients undergoing major abdominal surgery with postoperatively confirmed aspiration pneumonia. The early identification of those patients at increased risk for death after aspiration may help to further improve patients outcome.
Materials and Methods
A retrospective study of patients from 01/2006-12/2012 with clinically and radiologically confirmed aspiration pneumonia after abdominal surgery was performed at Bern University Hospital, which is a tertiary academic medical center in central Switzerland. All patients who undergo abdominal surgical procedures received antibiotic prophylaxis. Insertion of nasogastric tubes was at the discretion of the attending surgeon. At Bern University Hospital, protocoled measures to prevent pulmonary aspiration are in place through the pre-, intra-, and postoperative phases.
Patients with aspiration pneumonia were identified through the institutional digital patients' chard system, using the keywords "aspiration" AND/OR "pneumonia". Subsequently, all patients were carefully reviewed by one investigator (GR). To reduce heterogeneity, patients who aspirated before or during the surgical procedure were excluded from the study. Aspiration pneumonia was diagnosed by witnessed aspiration and subsequent confirmation by a conventional X-ray or computed tomography (CT) scan of the chest. All X-rays and CT scans were reviewed by one independent attending radiologist (DO). 
Statistics
Continuous and categorical variables are reported as mean ± standard deviation (SD), or median ± range and percentages. In order to identify risk factors for fatal outcome after aspiration pneumonia, all parameters were compared between the survivor and non-survivor group. Proportions and continuous variables were compared using the Fisher exact and the Mann-Whitney U test, respectively. Potential risk factors were identified using a p-value <0.2.
Moreover, those variables of special interest were forced into the equation. Forward logistic regression analysis was used in order to identify independent risk factors for mortality.
All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS Windows © ), version 21.0 (SPSS Inc., Chicago, IL). A p-value of <0.05 was considered statistically significant.
Results
From 01/2006-12/2012, a total of 70 patients with aspiration pneumonia after abdominal surgery were detected and included in the study. There were 53 (76%) male patients, the mean age was 71±12 years and the mean ASA score was 3±1. The following surgical intervention were performed in the entire study population: 32 colorectal or small bowel resections, 10 partial liver 
Incidence and outcome of postoperative aspiration pneumonia
Patients with esophageal resection, partial liver resections and pancreatic resections presented with an incidence of aspiration pneumonia of 6.5% (8/124), 2.0% (10/499), and 2.3% (5/221), respectively. For the remaining surgical procedures, the incidence of aspiration pneumonia was <1%.
Aspiration pneumonia occurred on average postoperative day 7.0±10.0, in survivors on day 6.5±9.6 and in the non-survivors on day 8.4±11.1 (p=0.595). Overall mortality was 27.1% (n=19). A total of 39 (55.7%) patients were admitted to the ICU after aspiration pneumonia. Of those, 37 (52.9%) patients had to be re-intubated, with an additional average length of mechanical ventilation of 4.1±4.9 days and an additional ICU length of stay of 5.7±9.5 days.
Non-survivors were intubated longer than the survivors (3.4±4.5 vs. 6.2±5.7 mechanical ventilation days, p=0.059). Total HLOS of the entire study population was 31.9±24.8 days. Table 1 shows the detailed preoperative parameters obtained. A high incidence of patients with a history of previous surgical interventions was found (n=54, 77.1%). A history of alcohol abuse or smoking was present in 22 (31.3%) and 21 (30.0%) patients of the study population.
Risk factors for mortality
Moreover, sixteen 16 (22.9%) patients suffered from GERD and fifteen (21.4%) patients were diagnosed with pre-existing chronic pulmonary disease. Patients in the non-survivor group were statistically significant older than the survivors (77.1±7.1 vs. 69.2±13.3 years, p=0.019). The remaining preoperative variables showed no statistical differences between the two groups ( Table 1 ).
The comparisons of intraoperative variables between the survivor and non-survivor group is presented in Table 2 . Operation time and intraoperative blood loss were similar in the groups, however, a trend was found for a higher number of blood component transfusions (FFP and/or RBC) for the non-survivor group than for the survivors [31.4% vs. 57.9%, p=0.056]. The different surgical procedures performed were not associated with an increased risk of death.
Interestingly, patients receiving a colostomy tended to die more often after aspiration pneumonia than patients without colostomy (26.3% vs. 7.8%, p=0.054). However, those patients who required a colostomy significantly more often had a preoperative diagnosis of ileus (66.7% vs. 16.4%, p=0.003), with a gastric tube more often inserted preoperatively (33.3% vs.
4.9%, p=0.025).
Postoperative variables obtained are shown in Table 3 . The non-survivors presented significantly more often with bilateral infiltrates detected in the radiological exams compared to the survivor group (68.4% vs. 39.2%, p=0.035). Of note, 76.0% of patients suffered from prolonged postoperative nausea and vomiting with re-insertion of a nasogastric tube performed in 41 (58.6%) patients of the entire study population (Table 3) 
Discussion
Despite advances in airway management, intensive care medicine and anesthesiology, the incidence of aspiration pneumonia has been reported and is confirmed in our study to occur in approximately 1% of patients undergoing abdominal surgery, resulting in a high mortality rate of up to 30% [1, 3] . Risk factors for fatal outcome after aspiration have not been studied so far. Therefore, we opted to characterize patients who suffered postoperative aspiration pneumonia after abdominal surgery, with an attempt to identify risk factors for fatal outcome. The identification of those patients at increased risk for death after aspiration may help to further improve patients outcome.
In accordance with the literature, the current study population that suffered aspiration pneumonia comprised elderly patients with multiple co-morbidities and rather high ASA scores.
The current analysis showed that older age is independently associated with mortality. Therefore, close observation and strict application of preventive measures to avoid pulmonary aspiration is of paramount importance in elderly patients. Surprisingly, preoperative ileus as well as emergency surgery had no statistically significant impact on the mortality of patients after aspiration pneumonia. In addition, the type of surgery performed did not correlate with either the incidence or the mortality of this pulmonary complication. Interestingly, patients undergoing esophageal resection presented with the highest incidence of aspiration pneumonia (6.5%), but no fatal outcome occurred in this subgroup. However, the limited number of patients may have resulted in non-significant results.
Nevertheless, this observation might be explained by the fact that, after esophageal resection, these patients receive the maximum available monitoring during the postoperative course, due to the known high potential for complications after this type of surgery.
Interestingly, in the current study group, intraoperative administration of blood components was identified as an independent risk factor for mortality after pulmonary aspiration. This effect could be explained by the increased risk of pulmonary complications and pulmonary susceptibility to additional inflammatory mediators (e.g. gastric content) after transfusions of either RBC or FFP [9] (i.e. TRALI (Transfusion-related acute lung injury) and TACO (Transfusion-related circulatory overload)). TRALI is defined as the onset of respiratory distress after blood transfusion due to donor antibody mediated and non-antibody mediated events and has long been regarded as a rare complication of transfusion medicine. Today the US Food and Drug Administration recognizes the syndrome as the leading cause of transfusion-related mortality [10] . Transfusion related complications are likely to pronounce and aggravate the clinical course of aspiration pneumonia [11] . With the risk of TRALI or TACO in mind, as suggested by other investigators, we recommend a 'patient-tailored transfusion policy' with a transfusion threshold of 70 g/l or below, with a target hemoglobin range of 70-90 g/l, unless specific co-morbidities or acute illness-related factors modify the clinical decision making [12] .
As expected, a high rate of re-intubation (52.9%) and ICU admission (55.7%) was observed in the current population. In line with the extent of aspiration pneumonia, non-survivors were intubated longer than survivors (6.2±5.7 vs. 3.4±4.5 days, p=0.059). Not surprisingly, the nonsurvivors presented more frequently with bilateral infiltrates in the conventional radiological exam compared to the survivor group (68.4% vs. 39.2%, p=0.035).
As expected, the use of gastric tubes did not influence the clinical course of patients with aspiration pneumonia [7] . Together with the fact that nasogastric tubes do not protect patients from pulmonary aspiration, we support the recommendations in the current literature to abandon routine nasogastric decompression tubes in elective surgical patients [7] .
We were surprised by the frequent use of sedative drugs, with 57.1% of patients receiving more than one drug (2.6±1.5) with known sedative effect. It is known that sedatives have the potential to suppress the swallowing reflex and other reflexes, thus increasing the risk for pulmonary aspiration; the clinician should be aware of this potentially life-threatening side-effect [13] .
However, according to our knowledge, no study is currently available that explicitly examines the impact of sedative drugs on the rate of pulmonary aspiration after abdominal surgery.
Interestingly, the use of patient-controlled analgesia (PCA) with dose-dependent, sedative effects tended to be applied longer in the survivor group than to the non-survivors (5.5±3.8 vs.
2.2±0.5 days, p=0.117).
Conclusion
Aspiration pneumonia is a rare complication in patients after abdominal surgery, but with a persistent high mortality rate. Older age, intraoperative blood component transfusion, and bilateral infiltrates on routine radiological examination are independent risk factors for mortality.
After pulmonary aspiration, early identification and close monitoring and treatment of patients at increased risk for lethal outcome are crucial in further reducing postoperative mortality. 
